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INTRODUCT ION

The purpose of this series of teéts wes to determine the basic character-

' istics of several types of modified Apollo Standard Initiators, designated

as Product Improvement Program (PIP) initiators, inclucing the effects of
vibration, thermal shock, electrostatic shock, and high and low temperature
on electrical and firing characteristics.

Each PIP initiator represented a single change in the normal construction
of the Apollo Standard Initiator (ASI). Several of the changes represented

“mistakes" which could be committed during the fabrication of the ASI. The

knowledge of the electrical and firing characteristics of these and the
other PIP initiators evaluated during this test program should be valuable
in maintaining the quality control of the current ASI and for designing
future improvements on its basic configuration.

The test program was conducted by the Pyrotechnics Test Section of the
Thermochemical Test Branch at the Pyrotechnics Test Facility, Building 352,
tn accordance with a request from the Auxiliary Propulsion and Pyrotechnics
Branch, Propulsion and Power Division. The test was conducted during the

period from December 14, 1965 to February 10, 1966,
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TEST ARTICLE DESCRIPTION

The Apollo Standard Initiator (ASI), North American Aviation Part No. ME
453-0009, is a standardized "hot-wire" initiator of minimal size and weight
containing two independent bridge wire circuits (4 pins) which will with-_
" stand passage of 1 amp or 1 watt through each bridgewire (simultaneously)
and an electrostatic discharge of 9000 volts from a 500 picofarad (pf)
capacitor from the pins (shorted together) to the case. The Apollo Stan-
i ) dard Initiator is used as an independent pressure cartridge to function
e  small mechanical devices, such as explosive valves, and also as a basic
. module for higher level hermetically sealed pyrotechnic assemblies which -
perform a variety of functions. The component parts of the Apollo Stan-

dard Initiator are shown in Figure 1.

B

The Product Improvement Program (PIP) initiators evaluated during this test
program were special non-flight articles with the same basic configuration
as the ASI but with certain built-in defects or changes. Ten types of PIP
.initiators were tested, each with one (single) change from the basic ASI.
Figure 2 outlines and illustrates the changes to the basic ASI. A summary
i description of each modification is outlined below:

PIP - 1 Tophet A, a metal similar to Nichrome, is substituted for the %E;
standard bridgewire material, Nilstain.,

”

PIP - 2 An isomica disk is placed between the ignition charge and the

bridgewire,
PIP - 3 A third bridgewire 1s placed between pins B and C.
PIP - 4 The bridgewire between pins A and B 1s bent slightly toward the

bridgewire between pins C and D. The bend adds approximately 25% to the
normal length of the bridgewirse. .

PIP - 5 Graphite, which represents approximately 1% by weight of the ini- T
tiator mix of the normal ASI, is eliminated.

1 PIP - 6 The initiation charge is compacted to ,,OOO psi as compared to gg
] 10,000 psi in the normal ASI.
PIP - 7 The ceramic header is cracked between bridgewires A-B and C-D,
= PIP - 8 Bridgewire A-B only is present; pins C and D are covered with in-
sulation,
PIP - 9 No isomica disks are placed in the initiator.

PIP - 10 Viton B, = fluorcelastomer which represents approximately 5% by
weight of the pyrotechnic mix of the normal ASI, is eliminated.

These initiators were manufactured by Space Ordnance Systems, El Segundo,
California, for the sole purpose of product improvement testing and were
carefully identified as non-flight hardware,

e




TEST QQUEPMENT DESCRIPTION

~ The major environmental equipment and measuring instruments used in this
program and a brief description of each are listed below:

" Universal Electroexplosive Initiator Test Set, FILUP-2 - This is a custom-

. _separate systems for the evalu&tion of the performance of electroexplosive

~ built system of instrumentation for evaluation of electroexplosive devices.

It incorporates in one integrated system the capabilities for evaluation
testing of all types of electroexplosive initiators including; hot wire
bridge types, carbon bridge, exploding bridgewires, conductive mix, and
spark gap. Specifically, the test set incorporates the features of three

initiators. These sysfems are:

~a. Universal Pulser - This system provides constant current and con-

stant voltage pulses ranging in amplitude from milliamperes to tens of amp-
_eres and pulse times ranging from one microsecond to hours.

b. Exploding Bridgewire Test Set - Using voltages of up to 6,000 volts
and capacitors of 1, 2 and 10 microfarads this test set provides a wide range

¢. Capacitor Discharge Test Set - Using capacitnrs fom 0.001 to 10
microfarads, this system provides the capability for capacitor discharge
testing of conventional initiators, carbon bridge hot wire bridge, conduc-
tive mix and spark gap types.

General Radio Model 1862-C Megohmeter - This is a standard megohmeter with
selectable test voltages of 100 and 500 volts, The usable range of the in-
strument is from 0.5 to 2,000,000 megohms.

Static Discharge Tester - This instrument charges a capacitor to a set
voltage and subsequently discharges into the test article through a vacuyum
relay. This unit can charge the capacitor to any voltage up to 30,000 volts.
A 500 pf capacitor was used in these tests,

Boonton Model 75A Capacitance Bridge - With a built-in 1 megacycle {Mc) test

oscillator this unit is capable of measuring capacitances from 0,0002 to 1000 pf.

Misgimers Model FT1.5 Bench Type Temperature Test Chamber - This chamber is a
amall, mechanically refrigerated temperature chamber providing a temperature
range of minus 100 to plus 350 degrees F,

MB Flectronics Vibration System - This system is capable of sine of random
vibration modes with a frequency range of 5 to 3000 cycles per second and a
transmitted force of 4500 pounds.

Closed Bomb, Transducer, Charge Amplifier - Pressures in the 10 cc closed

bomb manufactured by Space Ordnance Systems were measured using a Kistler
Model 617L piezoelectric transducer and Kistler Model 568 Charge Amplifier.

Other standard electronic laboratory equipment such as voltmeters and ohm-
meters were used as requimed in setting up and performing the various tests.
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The first step in the program was to collect baseline data on each initiator
to provide .infermation from which the effects of the various environments on
the PIP units could be evaluated. The electrical parameters listed below
were measured and recorded for each initiator,

a. Bridgewire resistance (AB,CD)

. b. Insulation resistance, pins to case @ 500 volts DC. =
g . c. Interbridge resistance, @ 1% volts DG, ' ,

[i

d. Capacitance, pins-to case. &

Interbridge capacitance,

Electrical parameters (c) and (e), interbridge reistance and interbridge
capaclitance were omitted for all Type 3 PIP's since these PIP units incor-
porated the third bridgewire between pins B and C and would fire if the voltage
necessary to measure these parameters was applied across the third bridgewire.

The electrical parameter measurements were made on twenty initiators from
each of the ten PIP types. The 200 initiators were then divided into three
groups, A, B and C. Group A Included Tive (5) initiators of each PIP type,
Group B included ten (10) initiators of each PIP type, and Gloup C included
five (5) initiators of each PIP type.

i

]
1

e

Each initiator taken one at a°' time from Group A was subjected to an electro-
static discharge (between the ping shorted together and the case) from a 500
picofarad capacitor charged to 1000 volts., After the initial discharge, the
discharge voltage was increased in steps of 1000 volts until the initiator
fired or until the maximum voltage capability of the test equipment was attained
(30,000 volts). After each pulse, the initiator's interbridge resistance and
interbridge capacitance were measured and recorded for comparison with the base-
line electrical data. } . o

With the exception of the Type 3 PIP's, the Group A units which did not fire L
when subjected to the electrostatic discharge were then tested to determine *
the minimum voltage, applied bridgewire to bridgewire, necessary to cause g%
. ignition. Each initiator was subjected to 10 volts, applied bridgewire to
- bridgewire, for a period of 5 seconds. The voltage was then increased in
steps of 10 volts until the initiator fired,
Within five minutes after flring an inltiator in any of the tests, the leak-
age current was measured and recorded with 28 volts DC applied between the
* points listed below:

o

a. Pin A to Pin B

b. Pin C to Pin D

¢. ~Shorted pins A-B to shorted pins C-D.
d. All pins shorted together and the case.




The initiators of Group B were subjected to random vibration in each of z
their three orthogonal axes at levels of 0.0l gz/bps at 10 cps with a_
" 6 db/octave increase to 0.8 g2/cps at 100 cps, then constant at 0.8 g2/cps
from 100 eps to 400 cps and a 3 db/octave decrease from 400 cps to 0.16 g</cps
at 2000 cps. . ' -

_.===The vibration was appliéd for a period of five minutes per axis. Within 30
- minutes after the campletion of the vibration tést, the interbridge resistance
- and interbridge capacitance of each initiator of Group B, with the exception
‘ of Type 3 PIP's were measured and recorded for comparison with the baseline
¢ electrical data.

Following these measurements, each initiator of Group B was subjected to a =
current of one ampere through each of its bridgewires for a period of five -
minutes. For all FIP types other than type 3 (three bridgewires) and 8 (one
bridgewire) the current was applied to both bridgewires simultaneously. Type

3 initiators were tested by applying the one ampere current through bridge-

wires A-B and C-D simultaneously for five minutes and then the current was
-‘applied through bridgewire B-C separately for five minutes.

Group B was then divided into subgroups By 'and By. Bach of these subgroups
was composed of five initiators of each PIP type for a total of 50 initiators =
per subgroup. 7 _ . \ . i

Each initiator of subgroup By was then fired in a 10 c¢ closed bomb by apply- =
ing a current of five amperes to only one bridgewire of each initiastor. The
initiators, the 10 cc closed bombs, and the pressure measuring transducers
were stabilized before firing at a temperature of minus 300 T o degrees F,
Daeta was recorded during each firing from which the time to fire, time to
peak pressure, and peak pressure was measured,

Each initiator of subgroup B, was then fired in a 10 cc closed bomb by apply-
ing a current of 3.5 amperes to one bridgewire of each initiator. The initi-

ators, the 10 cc closed bombs, and the pressure transducers were stabilized iy
before firing at a temperature of plus 300 t5 degrees F, Data was recorded 7

during egch firing from which the time to fire, time to peak pressure and L
peak pressure was measured. S

Each initiator of Group C was subjected to ten temperature cycles. Each

cycle was conducted with the initiator temperature stabilized at minus 300 tgo

degrees F for one hour followed by one-half hour at plus 300t5 degrees F.

The time of transfer between each temperature chamber did not exceed one e

! -~ minute., At the end of the tenth cycle the initiators were allowed to return

: ~ to ambient temperature and then, with the exception of the Type 3 PIP's, inter-

<-—----" bridge resistances and interbridge capacitances were measured and recorded for
comparison with the baseline data, ‘

7 Each initiator of Group C was then fired in a 10 cc closed bomb by applying
—_— "a current of 3.5 amperes to one bridgewire of each initiator. Data was re-

: corded during each firing from which the time to fire, time to peak pressure, ,
and peak pressure was measursd. ‘ , o
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RESULTS AND DISCUSSICN

Baseline Barameters

The tabulated initial electrical parameters from grdups A, B, and C

" (see tables 1, 2, and 3) show no abnormalities, other than those expected,
from the electrical parameters of the Apollo Standard Initiator. The ex-
pected deviations appeared in the following PIP types of groups A, B, and C.

. a. PIP 3 - The third bridgewire between pins B and C showed a re-
sistance comparable to AB and CD bridgewires. No attempt was made to
measure the interbridge resistance or interbridge capacitance on the Type
3 PIP initiator because the voltage necessary to make the measurement,
when placed across this third bridgewire, would fire the initiator.

b, PIP 4 - Due to the increased length of bridgewire AB, the AB bridge-
wire resistance was approximately 30% higher than normal.

¢. PIP 8 - In all cases bridgewire CD was not present.

Eieétrostatic Discharge

When exposed to the electrostatic discharge test, three PIP‘types appeared
to be especially sensitive, (see table 1). Four of tie five initiators of
PIP Types 1, 7, and 9 fired when exposed to repeated static.discharges.

PIP Type 9 appear to be the most sensitive. This is probably due to the ab-
sence of the isomica disks which, with the ceramic header, insulate the ig-
nition charge from the electrically conductive main charge and the case (see
figure 1). The absence of thess disks leaves an electrically conductive path
between the pins and bridgewire, and the case. Hence, any static discharge
applied between the initiator's case and pins conducts through the mix.

PIP Type 7 is also sensitive to the static discharge because the static charge
has a discharge path from the pins, through the mix, through the cracked
header and back to the case. ’

PIP Type 1, with the Tophet A bridgewire, was also found to be sensitive to
static discharge. No apparent reason is evident as to why this initiator
should be especially sensitive to the static discharge since both the isomica
disks and the ceramic header are in place and undamaged. It is possible that
the change in bridgewire size could be the cause of the increased sensitivity.

- For all PIP types, with each repetition of the static voltage discharge, the
initiators' interbridge resistancesdecreased and, in general, the interbridge
capacitances increased. The following is an example (PIP Type 1, S/N 11):

i

o
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Voltage Appliied Interbridge Interbridge
" Resistance Capacitance
o baseline Above 1.5 K meg 2,245 pf
B 1000 Atove 1.5 K meg < 1,700 pf
2000 o Above 1.5 K meg 2.884 pf
) 3000 15 meg 2.283 pf .
. 4000 2.15 meg 3.456 pf ﬁ%
- ‘ 5000 50K 3.772 pf =
| 6000 ' 16.6 K 4.533 pf :
7000 6 K 4.325 pf -
8000 6K 3.960 pf
3000 3K 4.063 pf
10000 2.5 K 4,088 pf
11000 2.5K 4.386 pf
12000 2.14 K o 4.380 pf %
13000 . 2K ‘ 4. 348 pf '
14000 © Unit fired g o

x \ ]
It appears that the electrostatic discharge generates a field which affects
the initiator mix, causing it to become more conductive,

Minimum Ignition Voltage (Bridgewire to bridgewire)

In the determination of the minimum bridgewire to bridgewire ignition voltage

the only abnormalities occurred with the PIP Type 2 and Type 8 initiators -
(see table 3).- Neither type initiator fired with up to 1500 volts applied. .3%§
bridgewire to bridgewire. As expected, the Type 2 initiators would not fire N
in this mode because the isomica disk over the bridgewires separated the
ignition mix from the path of the leakage current between the two bridgewires. e
Also, as expected, the Type & PIP's did not fire because the CD bridgewire was

- purposely absent and there was insulation over the C and D pins,

The other PIP initiators fired at approximately 135 volts. This figure may
be somewhat deceptive in that it has been found from past programs that the
ASI becomes more sensitive to voltages applied, bridgewire to bridgewire, with
each successive application, i.e., the ASI will withstand a much higher voltage
applicatlon if only one pulse is applied

b

Previous test programs ccnducted on Apollo initiatcrs have shown that vibration
at the mission maximm level causes the initiators' interbridge resistances
to increase and interbridge capacitances to decrease. The mission maximum

- vibration level applied to the PIP units in this test program also caused a

LR ‘“ﬁ’ H\ Wb \+muw ke “ ?“
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50 to 67% decrease in the interbridge capacitance of every type of PIP
initiator. In every case the PIPs' interbridge resistancesremained above

. 1.5 K megohms - (see table 2),

One amp - No Fire Test .

None of the changes made to the initiators for this PIP test program made
them more than normally sensitive to the one ampere no fire test. None
of the units fired or showed appreciable signs of degradation as a result

of one ampere of current through both bridgswires for five minutes.

Temperature Cycling

After temperature cycling every PIP unit showed a decrease of about 20 to
50% of the initial interbridge capacitance, The interbridge resistance in
every case remained above 1,5 K megohms.

Again, as has been encountered in previocus temperature cycling tests on
Apollo initiators, the end closures on a number of the units bulged quite
noticeably. This bulging is apparently due to a build-up of internal pres-
sure., PIP Types 2, 9, and 10 appeared to be especially affected by the tem-
perature cycling. Four of the five units of each of these three type initi-
ators showed expanded end closures. One unit of the Type 10 Mnitiators,
which showed the greatest end cIosure expansion, was carefully cut open on
a lathe in an effort to determine if any visual changes had occurred in the
mix to cause the bulging. No-visual changes were. noted. !

Type 3 and 7 PIP initiators showed no bulging of the end closures, PIP Type
7, with the cracked header, would necessarily not allow any buildup of in-
ternal pressure. No apparent reason has been determined for the lack of
bulging in the PIP Type 3 initiator.

Closed Bomb Firing

There appears to be 1little difference between the peak pressures produced by
the PIP units fired at plus 300 degrees F, those fired at minus 300 degrees

F, and those fired at ambient temperature, However, there was a large number
of units which produced pesk pressures outside the range of the lot acceptance
specifications (650 t 125 psi). Of the 149 initiators fired in the closed

bomb, 26 did not meet the pressure specifications for lot acceptance.

None of the PIP initiators showed any outstanding increase or decrease from
normal peak pressure output with the exceptlon of the Type 2 units. None of

.the.Type 2 units fired in these tests due to the isomica disks separating the

bridgewires fram the ignition mix.

The time to fire data shows only one abnormality. In almost every case the
PIP Type 1 units took from 2 to 3 times longer to fire than the other units
(see tables 2 and 3). This is probably caused by the Tophet A bridgewire.
Tophet A has a higher resistivity than the normal bridgewire material and,to
keep the bridgewire resistance close to one ohm, the Tophet A bridgewire must

‘have a greater diameter. Therefore, the Tophet A bridgewire has a larger

i




surface area from which to conduct the heat genersted by the firing N
+ current and thus does not heat to the 1g"}1t1un temperature of the mix
as rapidly as the normal bridgewire.
. ¢
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CONCLUSIONS

1. All PIP initiators with the exception of Type 2 are electrostatic
sensitive., Initiator Types 1, 7, and 9 appear to be especially sensitive

to electrostatic discharge. **’

2. None of the PIP initiators, with the exception of Types 2 and 8, are
more or less sensitive to voltages applied bridgewire to bridgewire than
the Apollo Standard Initiator. ' ‘

3. Vibration at the mission maximim level does not adversely affect the
PIP initiators. D

4. None of the PIP initiators are more than normally sensitive to-the one
amp-no fire test. 7 ' ’ ' ,

‘5, During temperature cycling all PIP initiators, with the exception of

Types 3 and 7,appear to develop internal pressures which cause bulged end
closures.

6. The PIP Type 2 initiator will not FiFfe in any of the modes encountered
in this series of tests. ‘

7. An abnormally large number of the PIP units produced peak pressures
outside the range of the 1ot scceptance specifications for the Apollo
Standard Initiator. These unacceptable pressures were not limited to one

PIP initiator type.

8. Temperature has 1ittle or no effecﬁibnrihé peak pressures developed by
the PIP initiators fired in a 10 cc closed bomb,

g, The use of bridgewire material of greater resistivity (and thus greater
diemeter) in the Type 1 initiators increased the ignition delay two (2) to

three (3) times. This is considered to be due to the longer time required

to bring the bridgewire and explosion mix to ignition temperature.
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- End closure

Heat insulation disc

Main charge

~
MR- > — — — — liomica dics

Bridgewire

Body - — — —

“Figure T Construction of the Apollo standard initiator
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PIP
DASH DEGRADATION EXAMPLE
NO.
1 |{Tophet A bridgewire
v L) | ssomecA
i - Dr1sX
2 |Isomica disk on top of bridgewires !s H,;
i
A o
3 Third bridgewire between B-C 5@0
] A~ 2
_—— 1 4 |A-B bridgewire bent toward C-D bridgewire 56
approx. 5% longer than C-D
3 s
5 |No graphite in inltlatlon mix ' »
. B [
6 |Initiation charge compaction pressure 5000ps
. A — O
7 |Header cracked between A-B and C-D bridges :m
. 8 <
8 |Bridgewire A-B only. C-D covered with insu-
lation i
No isomica disks
Initiation mix minus binder
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